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Oral Thermal-Induced Flushing in Erythematotelangiectatic Rosacea 
JONATHAN K. WILKIN , M.D ., M.S. 
Dep artment of Dermatology, The University of T exas Medical School at Houston, Houston, Texas, U.S.A . 
The effects of caffeine and coffee, agents widely a lleged 
to provoke flushing in patients with erythematotelan-
giectatic rosacea, were investigated. Neither caffeine nor 
coffee at 22 °C led to flushing reactions . Both coffee at 
60 °C and water at 60°C led to flushing r eactions with 
similar temporal characteristics and of similar intensi-
ties. It is concluded that the active agent causing flushing 
in coffee at 60°C is heat, not caffeine. 
Sl'Jbye's theory of pathogenesis of rosacea undertakes the 
explanation of all t he diverse stigmata [1]. The essential factor 
is recurrent edema in the fac ia l skin . The edema is induced by 
various factors, most nota bly recurrent flushing. 
That flushing is important in t he genesis of rosaceous stig-
mata is suggested by (i) the increased frequency of flu shing in 
patients with rosacea [2], (ii) t he correlation between severi ty 
of ocular rosacea and tendency to strong flushing [3], (iii) 
patients with severe flushing due to ca rcinoid develop all of the 
various rosaceous stigmata, including rosacea, facial telangiec-
tasia, and severe connective t issue hypertrophy [3- 7], (iv) mild 
rosacea is more common in women and usua lly appears after 
age 35 when the incidence of "hot flashes" and flushing in-
creases [6,8-10], (v) flu shing is invariably the earliest compo-
nent of rosacea to be manifest [8-10], (vi) rosacea responds to 
massage therapy, supporting Sl'Jbye's theo ry that flu shing leads 
to edema [1,2,10,11]' (vi i) rhinophyma (and elephantiasis) may 
be explained by the observation t hat chronic cutaneous edema 
is frequently followed by connective tissue hyper trophy and 
fibrosis [12], (viii) the localization of rosaceous stigmata is 
typically in those areas of the face overlying relatively inactive 
musculatm e where t he edema caused by flu shing tends to 
persist [1,13], (ix) the frequent occurrence of overt facial edema 
in the course of rosacea is documented [9], and (x) the rich 
c1inicalliteratw'e has broadly incriminated flu shing in the gen-
esis and exacerbat ions of rosacea [5,9,14]. 
Since the effects of flushing have been rega rded as qu ite 
adverse, the eliminat.ion diet has been for many years, and stiJl 
remains, a major component of the regimen for rosacea 
[5,9,14]. The elimination diet is the cumulative resul t of earlier 
li teratm e accounts and anamneses of patients. This a bundant 
li tera tm e has at different junctmes been reduced just as un-
critically as it was accumulated. Thus, in the ea rlier accounts 
coffee and tea were held to be particulal'ly offensive [14]. Later 
accounts referred to them genera lly as "stimulants" [15] or 
even referred to t he common pha rmaco logically active agent, 
caffeine [16]. CUlTently, proscrip tion of "caffeine," "stimulants" 
or "coffee, tea, and cola" is advocated in major textbooks of 
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dermatology, and substit ution by "decaffeinated coffee" is often 
suggested. 
MATERIALS AND METHODS 
The therma l circulation index is the rat io of the effective thermal 
conductivity of the cutaneous t issues to the effective thermal conduc-
t ivity of the environment. Under steady state cond itions of heal fl ow, 
this ratio is equal to the ratio of the external, physical thermal gradient 
to the internal, physiological thermal gradient. S ince the effective 
therma l conductivity of the environment remains constant in lhe 
contro lled la boratory setting, the thermal circulation index will be 
proportional to the effective thermal conductivity of the cutaneous 
t issue. S ince changes in the effective thermal conductivity of the 
cutaneous tissues in the steady state of heat now will be due ma inly to 
cha nges in blood fl ow, cha nges in the therma l circulation index will 
renect cha nges in t.he cutaneous blood flow [l 7l This relationship has 
been established for the rabbi t ear [J 8] a nd is sufficiently sensit ive and 
accurate to correlate lineru'ly with the discharge rale of neurons in lhe 
a nt.erior hypothalam us/preoptic area [19]. The thermal circulation 
index method was employed noninvasively in this st.udy. 
Ambienl, axillary and malar lemperalures were measured by YSI 
40 I, 405 and 408 thermisto rs with YSl43TI a nd 43TA telethermometers 
a nd continuously recorded on a Grass 70 eight channel polygraph after 
low- level DC amplificalion (Grass 7PIF) . The room temperature varied 
on diffe rent days fro m 21.8°C to 23.4°C, but never vru'ied more tha n 
0.4 °C during a single observation period. T emperature measurements 
were recorded afte r affixing the lhermistors to the malru' a nd axillru'y 
skin using adhesive tape. The patient then remained in a semirecum-
benl position. After a stable baseline ma lru' temperature was obtained 
(usua lly requiring 20- 30 min) one of lhe agents to be tested was 
ad ministered. 
Flushing is defined for the purposes of th is study as the objective 
reddening of lhe face accompanied by an increase in both the malru' 
skin temperat ure and the ma lar thermal circulation index. The malar 
thermal circulation index, which is directly proport ional to t he malar 
blood fl ow [1 7], was calculated prior lo the chall enge, 1'", and again at 
lhe t ime of maxima l change of malru' temperatu re during the fo llowing 
45-min period, rl" In 2 pat.ient s measurements were conducted for l20 
min after challenge wi t.h caffeine. Comparisons of the proportional 
cha nges in calculated malar thermal circul ation indices (1',,/ 1',,) and the 
t imes between t he onset of t he stimul us and the point of one-ha lf the 
max imal temperature change (L Tm",,) were made among the different 
agenls. S ince most patients were cha ll enged wilh only a few of the 
var ious cha llenging agents, significance was determined by the Kruskal -
Wa llis test [20]. For compa ri ons a mong t.he LTm"" significance was 
delermined by the 2-tailed t-test for lhe comparison of 2 independent 
means [21l 
The fo llowing challenging agents were examined: coffee at 60°C, 
waleI' at 60°C, coffee at 22°C, a nd ca ffeine, 200 mg. All beverages were 
given in vo lumes of L80 m!. Ca ffein e wati given as two 100 mg tabl et~ 
with up to L80 ml of waleI' at 22°C to a id deglut.ition. Flushing induced 
by 180 ml of 20% etha nol is only briefly examined here for compru'ison 
wit.h ora l thermal-induced flushing. 
Twenly- four su bjects (1. 9 women and 5 men) with erythemalote lan-
giectatic rosacea were selected without knowledge of anamnestic data 
regarding flushing or provocative agents . They represent the fi rs t 24 
patient.s with erythema a nd telangiectasia in the malar, mental or nasal 
regions, who consented to these stud ies. This research was approved 
by lhe Committee fo r. the Protection of Human Subjects of The 
University of Texas Hea lth Science Cenler a t Houst.on. 
RESULTS 
In a ll instances a change in the malar therma l cij'culation 
index of 1.4 or more was accompanied by an objective reddening 
of the fac ial skin, especia lly t he ma lar areas. In addition, an 
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F IG 1. Comparison of the cha nges in ma lar thermal circulation 
indices (r,,/ rh) during observation periods of 45 min (0 ) or 120 min (e) 
after challenge. All 5 different agents tested affect changes in malar 
thermal circula t ion index different ia lly (p < 0.001). With partition ing 
the approximate X..' it is found that virtuaUy a ll of the signifiant 
diffel'ence among the 5 agents is accounted for by the difference 
between the "hot agents," coffee at 60°C and water at 60°C both held 
in the mouth a nd swallowed, and the " room temperature agents," 
coffee at 22°C a nd caffeine, 200 mg (p < 0.00l). T he difference among 
the "hot agents" is not sigl1ificant. Also, the diffe rence between the 
" room temperature .agents" is not significant. 
objective reddening never accom panied a change in the malar 
thermal circulation index of less than l.2. 
Having found no significant change in malar t hermal circu-
lation index during t he period of observation after caffeine and 
a significant increase after coffee at 60°C (Fig 1) , we separated 
the hot coffee into its components, hot wa ter at 60°C, and 
coffee in water at 22 °C. The results sh owed that hot coffee 
induces flushing, i.e., an increase in r"/r,,, but that caffe ine, 200 
mg, or coffee in water at 22°C (room temperature) do not cause 
flushing. Further, hot water leads to the same degree of flu shing 
as hot coffee, viz., an identical increase in r"/r,,. Deglu tition is 
not a requisite. Hot water held in th e mouth produces the same 
increase in r,,/ TI , as seen with hot coffee and hot water. 
Additional evidence that heat is the provocative principle in 
the hot coffee, is seen in the tempora l aspects of the induced 
fl.ush. The . time at which one-half the maximum temperatu re 
difference is attained (L T m5o) is virtuaUy identical for flu shing 
induced by both water at 60°C either held in the mouth or 
swallowed and coffee at 60°C (Fig 2) . The L Tm!;(J for heat-
induced flushing is s ignificantly different from ethanol -induced 
flushing (Fig 2). The L Tmr,o was too eal"ly in t he case of coffee 
at 60°C for absorptio n of caffeine to account for the incr ease in 
malar thermal circulation index. It is likely that the longer 
L Tm50 in the case of ethanol ingestion refl ects systemic abso rp-
tion, which is necessal"Y for t he increase in malar thermal 
circulation index. 
Immediately after cessation of the thermal stimulus the 
malar temperature continued to rise for 12-20 min (Fig 3). A 
continuing rise in tympanic membrane temperature after ces-
sation of the thermal challenge has been observed previously 
[22]. 
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DISCUSSION 
These results from both methods of mensuration indicate 
that in coffee at 60 D C it is heat and not caffeine which leads to 
the flushing reaction. The reduction in the literature from 
coffee and tea to caffeine is seen as a false syllogism: "Coffee 
and tea cause flushing. The phru'macologic agent common to 
coffee and tea is caffeine. Therefore, caffeine causes flu shing." 
13 
12 
11 
10 
8 
VI 
Q) 
"S 
c: 
:i 
~6 
E 
~ 
...J 
4 
2.58 ± 0.44 
--...... mg 
o-L __ ~ __ ~~ __ ~~~ __ ~~~L-­
Coffee 6()O C 
n = 10 
Water 6()O C 
n = 20 
Ethanol (20%) 
n = 11 
FI G 2. Compar ison of the time at which one- ha lf the maximal tem-
perature difference is attained (L Tme,o) a fter challenge. The difference 
between coffee at 60°C and water at. BO°C is not significant. The 
differences between ethanol (20%) a nd coffee at BO°C or waler at 60°C 
are significant (p < 0.001). 
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FIG 3. Representative flush provoked by water at 60 a C. 
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FIG 4. Proposed mechanism of ora l t hermal-indu ced flu shing via a 
countercurrent hea t exchange at the level o f the in te rnal jugular ve in 
and common carotid artery. The increased heat in the arteria l supply 
to t he hypotha la mus evokes a flushing reaction as part of a thermoreg-
ulatory response. 
This has not only led to the unfounded proscription of "caf-
feine" or "stimulants," but also the incorrect permission of hot, 
decaffeinated coffee. In general, the rol e of heat in the oral 
cavity in the induction of flushin g has not been fully appreci-
ated. 
The continuing rise in mala r and tympanic membrane [22] 
temperatures after cessa tion of the thermal challenge may be 
explained by a central thermoregulatory ref1 ex initiated by the 
increased heat in t he blood draining the tissues surrounding the 
oral cavity via a countercurrent hea t exchange (Fig 4). 
Several observations suggest that the internal jugular vein 
and common carotid artery provide for this countercurrent heat 
exchange. First, chilling the face causes the lowering of common 
carotid arterial blood temperature [23]. Second, ingestion of 
water at 50°C causes an increase in tympanic membTane tem-
perature [22]. Third, heating the skin of the head leads to an 
ipsilateral increase in oral and tympanic membrane tempera-
ture, while aortic temperature (assessed by esophageal temper-
atme) remains constant [24]. Thus, it was concluded that the 
increase in oral and tympanic membrane temperatures is not 
due to changes in the temperature of the ascending blood at 
the level of the heart. Since the ty mpanic membrane and 
hypothalamus share, in part, a common blood supply [25], it is 
likely t hat during ingestion of a hot beverage there is a similar 
increase in the temperature of the blood bathing the hypothal-
amus. Finally, t he anterior hypothalamus reacts to such very 
slight increases in temperature of its arterial blood supply 
leading to various heat dissipat ing mechanisms [26 ,27] , e .g., 
flushing. 
Alternatively, the cavernous sinus has been the proposed site 
for this countercurrent heat excha nge [28-30]. The major evi-
dence cited by these workers is the change of direction of fl ow 
in the angu laris ocu li vein away from the cavernous sinus during 
hypothermia and toward the cavernous s inus during hyper-
thermia. This could be an important drainage pattern in exer-
cise when the extracranial blood flow in the head dramatically 
increases [31]. A major problem with the cavernous sinus 
hypothesis is that it would not account for the initiation of the 
events leading to flushin g from an oral thermal stimulu . Fur-
ther, it is difficult to believe that the length and surface area of 
the in ternal carotid artery within the cavernous s inus in man 
would provide as effi cient a countercurrent heat exchange as 
that provided by the pa rallel, contiguous arrangement of the 
internal jugular vein and common carotid artery. Finally, coun-
tercurrent heat exchange at the cave rnous s inus wou ld not 
account for the lowering of common carotid arteria l blood 
temperature [23]; however, countercurrent heat exchange at 
the internal jugular vein and common carotid ar tery would. 
Countercurrent heat exchange in thermoregulation and con-
. t rol of blood temperature is quite frequent in mammalian 
systems (32- 34]. In animals with a carotid rete there is a 
countercurrent heat exchange between warm, arterial blood 
supplying the brain and cool venous blood draining t he nose 
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and mouth which may provide rapid bra in cooling during severe 
thermal stress [35- 37]. While the coun tercurrent heat exchange 
at the internal jugula r vein and common carotid artery is 
undoubtedly less efficient, it may provide a basis for behavioral 
mechanisms in thermoregulation. S ince temperature preference 
is based to a large degree on information from hypothalamic 
thermoreceptors [29] , the drinking of hot or cold beverages, 
which al ter brain temperature by countercurrent heat exchange 
and release hypothalamic refl exes, may constitute examples of 
such behavioral mechanisms. 
It is concluded that in rosacea increased heat in t he oral 
cavity may cause flushing. The proba ble mechanism by which 
ingested heat leads to th e flushing reaction is based on a 
countercurren t heat exchange at the level of the in ternal jugular 
vein and common carotid artery and , subsequently, a central 
thermoregulatory reflex. Since caffeine does not cause flushing, 
it need not be proscribed in the "rosacea diet." Further, hot 
"decaffeinated" coffee is rejected as an allowable substitute. 
Other putatively provocative agents currently proscribed in 
rosacea regimens need to be cri t ically evaluated. 
Dr. Arthur S. Li t te ll , Professor o f B iometry of the School of P ublic 
H ealth , T he University of T exas Health Science Cente r, is gratefully 
acknowledged for his ass istance in t he statistical in t"erpretation of the 
data. 
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